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Progress report for AFOSR-0171, "Eye movements and vic-al information processing", April 1,
1989-March 31, 1990. PI: Eileen Kowler

Abstract. The research performed extended our understanding «¢ the visual and cugnitive
process controlling saccadic and smooth eye movements, and the . le of these eye movements
in visual information acquisition. Experimente showed that: (1) “accades are biased toward
likely locations of targete, suggesting that previous reports of ‘cirter-of-gravity'’
reflexes are actually due to search or attentional strateyies; (2) saccadas can be directed
to spatially-extended targets with an accuracy and precision as good as those found for
single point targets; (3) predictive smooth eye movements are caused by cognitive
expectations about future path of target motion, not by learned oculomotor habits; (4) slow
control is not sensitive to position error; (5) smooth eye movements are sensitive to the

- expected direction of future target motion; (6) strategiees of scanning the boundaries of
difficult texture patterns are more effective than strategies of scanning the symmetric

axis; (7) normal reading is carried out by a coordinated pattern of eye movements and head
movements.

Summary of progress

-1, He and Kowler (1989) demonstrated effects of location probability on seccadaws.
This paper challenges previous ideas that tendencies to make saccades to the center of a
stimulus configuration, containing a target as well as irrelevant background stimuli,
represent automatic sensorimotor averaging reponses. We found that the so-called
"centering” or "averaging” saccades occur only when subjects are uncertain about where the
target is located. Centering responses, theretore, represent visual search strategies
rather than ocuiomotor reflexes. We reject models of saccadic¢ control featuring parallel
subsystems (one voluntary, another reflexive) in favor of a serial model in which a
selection stage is followed by automatic computation of the saccadic command to bring the
line of sight into the selected (attended) spatial region. The serial model (unlike the
parallel models) guarantees that the line of sight will be directed to regions of interest

rather than being drawn to large or intense (but nevertheless unimportant) areas in the
viaual field.

2. He and Kowler (submitted ms), following up the experiments described above,
studied the ability of subjects to direct saccades to designated locations within eccentric
forms. Surprisingly, this situation has not been studied before, with investigators
preferring unnatural targets, such as points or crosshairs, where the desired aendpoint of
the saccade is clearly marked. We found that subjects can direct saccadus accurately and
precisely to locations within forme. Saccadas directed to the “whole form“ tend to land
near the center. The results, which show that the line of sight lands in the center of the
selected target region, are consistent with the 2-gtage serial model described abovae.

3. Kowler (1989) showed that anticipatory smooth eys movements are genuine responsas
to cognitive expectations about the direction of future target motion rathor than automatic
tendencies to repeat previous pursuit responses. (Most existing models of predictive
tracking are based on the latter assumption.) This result implies that central
representations of expected target motion are as powerful an input to pursuit as "real"
(i.e,, sensory) motion signals.

4. Kowler et al. (1990) studied movements of the :wad and eye during reading and
during visual scanning. We found that: (a) during reading cubjects maks ldiceyncratic,
coordinated patterns of head and eye movement, including unusual features such as eploodec
of head and eye moving in opposite directions; (b) eye rotations compensate wall for head
rotations and translations, leaving residual image velocities comparable to those obsorvered
on the biteboard (n.b., image velocities are large enough to move the image at least cne L




lettwr opace during a rwading pause; How do we see in the presence of such smear?); (c)
SAccado rates are fastor with free rather than fixed heads and faster during reading than
during visual ecanning: (d) subjects have difficulty programming simultaneous head and eye
movements with differont spatial and temporal patterns. A)l) these results suggest the
sxistence of a common, central programmer for head a&nd eye movements, whose activities are
tied to the ongoing viwua) and cognitive demands of the task, and whose precise
characteristice have yet to be determined,

5, Kowler et al, (1989) demormtrated effects of expected duraticn on smooth pursuit,
namely, smooth responses barely get off the ground unless suhjects expect the target motion
to continue, There was also evidence that velocity and acceleration esaturation, usually
taken to be characteristice of the sensory mechanisms that launch the pursuit responses, are
saen only with randomired target motions, and, therefore, arm not true system limitations at
all, Further oxperiments aro in prograss to nail down this assertion.

6, He (1990) studied the role of saccadic eye movaments in texuure perception to
find out which ssccadic pattcrn, scanning of boundaries or scanning of the symmstric axis,
is mont effective. He compared the effecte of various types of soan patterns, including uee
of no saccadeo whateoever, in both size and shape a‘scrimination taeke. He found that
saccadet werm necessary for detecting the boundary hotween reglons containing different
types of texture elament.s, hut were not nesded to perceive the site or shape of texturs
pattorns contalning eawily discriminable elements, Retinal image tranmients, created by
ilickering or jumping the displyy, also helped in finding the boundary, bLut were not as
effective as natural saccades, Suanning along the symmeiric axis or scanning randomly
chonen locations was ineffective. Bnundary-scanning was the most effective pattern, but,
wurprieingly, perceptual performance was never as guod aw it wae with easily disoriminable
tixture elements. These results Lmply what saccadea lelped peiceive the #ike and shapa of
the cexture pattern by facilitacing & strvategy Of sesccli.ng for and counting elements; they
did not serve to provide ssparate glimpwes that would laiLer be integrated into a
reprooentation of the pattern as a whole.

7. Xowler ot al. (1989) found ti.' .ilow eye movements eep the line of might very
stable with single point targets at ecce,-r.cities out 1o at lenst & deg. With such
targets, in contrawt to the diace and varicie other 2- or 4-p0int targuts sLudied {n the
past, it im difficult to choose subjective reference pnints that might serve as targets for

4 positiun-sunsitive system. The sinplest arplanation Lo that slow control serves to keop
imagos stlable, not to bring imagems Lo dewssved louatimne,

8. In progress is a study Lo deternwipy the links between savcadin eye movements and
visual ALtentinn in an attempt to understand the nature of the tsrget selection process that
precedes che construction a wacoadic programs /see #1 ahove). In particulur, we are
intarested in whother sacoades arv automatica'.y drawn to tha center of a relative large
attunded region or whethur attention to the porc.ise endpaint of the sacoads Ls raquired, <
The first outcomm muggests a low-level spatial) ,>oling procems computes the macoadic \)d.
endpoint based on attened information; the secon! suggests the endpoint is determined by

]

higher-leve] attentional allocation. We are almo interasted in whether any indepandent
control of saccadic endpoints is poss.ble without changing the distribution nf attention ]

dasoribing a naw approasnu to ogulumntor theory nrganieed arnund 2 {smooth 2nd sacesdlic)
subsystems rather than the traditional notion of & or more ssparate subsystens. The
multiple wubuya-em spproach holds that effeotive coulomotor performance is achieved by a .
nunber of independent mechsniwmw wach responding to a single menwury cue, According to the —

miltiple pubaystem approsch, the outputs of theme subsystems are not explicitly integrated:
Uiy
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Oculomotor performance is determined instead by whichaver sensory signal momentarily
dominates (e.g., at low frequancies of oscillation of a subject, the visual pursuit
subgystem is belioved %o dominate the vestibular; the domination reverses at high
frequencies). Our 2 subsystem approach holds that various sensory cues are integrated at a
relatively high level in order to produce a single representation of target position in 3-D
space which serves to guide either smooth or saccadic movements of Lhe eye. A contract with
Sinauer t.o write this book has bamsn obtained.
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